IMPORTANCE When able to identify facial paralysis, members of society regard individuals with facial paralysis differently. They perceive a decrease in attractiveness, more negative affect, and lower quality of life. However, the ability of lay people in society to accurately identify the presence of facial paralysis has not yet been defined. OBJECTIVE To determine societal members' ability to (1) identify paralysis in varying degrees of paralysis severity and (2) localize the defect on the face.
P atients with facial paralysis often have diminished quality of life owing to functional deficits of facial expression because they are perceived to have more negative affect and decreased attractiveness levels. [1] [2] [3] [4] [5] Facial paralysis compromises a key communicative function of human emotion, which is to relay information between individuals and to adapt one's actions accordingly. 6 It is a unique condition in which self-perceived quality of life is inextricably linked to how other members of society perceive oneself, 2 yet the perspective of the societal member is a difficult one to measure. 7 It has been shown that when able to detect paralysis and imagine the paralysis as inflicting their own faces, members of society are willing to pay high levels of money to reanimate their face. 4 The willingness to pay for correction as well as societally perceived quality of life fluctuates depending on the severity of paralysis as defined by House-Brackmann (HB) grade and on the facial expression perceived (eg, smiling or in repose).
Although it has been shown that observers perceive facial paralysis to be an important condition to repair with significant health utility implications, the rate at which casual observers can detect paralysis has not yet been quantified. In fact, a previous study has shown that some casual observers may even mistake normal faces as having paralysis, and that there is an inflection point of paralysis severity after which one's willingness to pay increases dramatically. 4 This posits that a layperson's ability to identify paralysis is unreliable below a certain threshold, and that some level of facial asymmetry must exist for a casual observer to appropriately interpret a face as having a defect. 8 In addition, this is an important investigative question considering that clinical counseling for repair of facial paralysis and discussion of the patient's goals often center around what defects surgeons and patients feel can be detected by other members of society. One cannot assume that paralysis detectable by a facial plastic surgeon can also be detected by the societal member, and the field of facial plastic surgery is moving toward a more objective understanding of facial deformities.
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The aims of this study are to investigate how accurately casual observers can (1) identify paralysis in varying degrees of paralysis severity and (2) to localize the defect on the face.
Methods

Participants
The Johns Hopkins Medicine institutional review board approved this study. Written informed consent was obtained and participants were not compensated. Surveys posted on public access websites were used to recruit casual observers as participants. Exclusion criteria included participants younger than 18 years and those with schizophrenia or autism spectrum disorders owing to differences in ways these individuals perceive faces.
10,11 Forty participants were excluded, and complete surveys were collected from 380 participants. Participants were recruited from July 20, 2015 , to September 26, 2015 . Demographic profiles of participants are presented in Table 1 .
Survey Instrument and Data Analysis
Photographs of 16 individuals (4 individuals without paralysis serving as controls and 12 individuals with unilateral facial paralysis) were queried from the Johns Hopkins facial plastic surgery image archive. Of the 12 individuals with facial paralysis, there were 4 individuals in each of 3 categories of facial paralysis: low, medium, and high. Low-grade paralysis was categorized as HB grade 2, medium-grade as HB grades 3 to 4, and high-grade as HB grades 5 to 6. Four unique surveys were then generated with 8 photographs each. The composition of each survey included 2 photographs in each of 4 categories: normal, low-grade, medium-grade, and high-grade paralysis. We included 1 smiling and 1 repose photograph for each of the 4 categories. Surveys were generated using Qualtrics Online Survey Software (Qualtrics LLC). 12 During the design of the survey, a region was drawn over the side of the face with paralysis if a patient was determined to be HB grade 2 and above. These regions captured portions of the face in which a trained facial plastic surgeon could identify paralysis (eg, regions of mouth, nasolabial fold, eyes). The software remembers the x and y coordinates of the regions that were drawn but does not display these drawn areas to participants. Examples of faces shown to participants and regions drawn with software are shown in the Figure. Each individual was only shown once within a survey, and no photograph was duplicated among the 4 surveys. Participants were asked whether they saw paralysis in each face. If they answered "yes," they were then prompted to click on the portion of the face in which they saw the paralysis. The Qualtrics Software recorded the x and y coordinates of the click and generated a binary "yes" or "no" in data collection that indicated to the data analyst whether the participant clicked within the predrawn region containing paralysis. Data were analyzed using Stata statistical software (version 13 SE, Stata Corp).
Results
A total of 380 completed surveys were analyzed, amounting to a total of 2860 facial photographs viewed. The sex of
Key Points
Question To what degree are societal members able to identify paralysis of varying severity and localize the defect on the face?
Findings In this prospective observational study of 380 casual observers, facial paralysis was identified in 249 (34.6%) of 719 facial photographs with low-grade paralysis, 448 (63.2%) of 709 with medium-grade paralysis, and 696 (96.7%) of 720 with high-grade paralysis, and participants tended to identify facial paralysis more accurately in smiling vs repose faces.
Meaning
The ability of individuals to identify the presence of facial paralysis increased as paralysis severity increased and smiling increased accurate identification; however, even when individuals could identify paralysis, they were not necessarily able to accurately localize the paralysis on a face. The aim of this study was to understand how accurate the layperson was at identifying (1) whether a face had paralysis and (2) the location of the paralysis. This study was also interested in elucidating how 2 specific characteristics of a patient affect the casual observer's ability to accomplish these tasks: (A) severity of facial paralysis (as defined by the HB scale) and (B) facial positioning (defined as a smiling face or a face in repose).
Participants correctly identified normal faces as not having paralysis 93.8% of the time. The ability of participants to identify facial paralysis increases as the paralysis severity increases. Facial paralysis was identified in 249 (34.6%) of 719 facial photographs with low-grade paralysis, 448 (63.2%) of 709 with medium-grade paralysis, and 696 (96.7%) of 720 with high-grade paralysis (χ 2 = 912.6, P < .001). In addition, participants' ability to identify paralysis increased if the facial photograph was one of a smiling face vs a face in repose. Table 2 . To understand whether participants were able to correctly localize the area of paralysis after indicating that they saw paralysis, the data were analyzed to see whether participants correctly clicked predrawn regions of paralysis in the photographs. For all grades of paralysis, most participants who correctly identified facial paralysis also correctly identified the location of the facial paralysis. The accuracy of localization also increased with increasing grade of paralysis. Participants correctly localized paralysis in 157 (63.0%) of 249 low-grade photographs, 307 (68.5%) of 448 medium-grade photographs, and 554 (79.6%) of 696 high-grade photographs (χ 2 = 32.5, P < .001). Complete results are shown in Table 3 .
Discussion
This is the first study, to our knowledge, conducted to quantify the accuracy of the casual observer in identifying both the presence of facial paralysis in a patient graded by severity and facial positioning, as well as the accuracy of the observer in identifying the location of paralysis. The results support our initial hypothesis that societal members are more likely to identify paralysis if the paralysis is severe. Within each paralysis grade, societal members were also more likely to identify paralysis in a smiling face vs a face in repose. This is consistent with past quality of life studies in which societal members deem perceived quality of life to be significantly worse in high-grade vs medium-and low-grade paralyses; casual observers rated a more negative affect, decreased attractiveness, and decreased health utility using 3 separate quantification methods with increasing grades of paralysis. 4 Su et al 4 had previously shown that a societal member's willingness-to-pay for facial reanimation increased nearly exponentially from low-to high-grade paralysis, raising the question of resource allocation to concentrate on highergrade vs lower-grade paralysis. In a similar trend, this study showed that only a minority of photographs with low-grade paralysis were identified as having paralysis (34.63%) whereas most medium-grade and high-grade paralysis photographs were accurately identified. This again reinforces the need for counseling to direct resources and surgical interventions toward medium-and high-grade paralyses while advising patients of low-grade paralysis that their lesions may be undetectable to the casual observer. With regard to identification of location of paralysis, our initial hypotheses were first that the casual observer would not be as accurate in identifying location as facial plastic surgery experts, and second that unilateral facial paralysis can have an overall effect on a face not limited to the side of paralysis, which can lead to further inaccuracy in location identification. Results were consistent with this hypothesis. Notably, among the photographs correctly identified as having paralysis, paralysis was inaccurately localized in 92 (37.0%) of 249 low-grade paralysis photographs and in 141 (31.5%) of 448 medium-grade paralysis photographs. This may be owing to the fact that the paralyzed side has weaker movements; thus, observers may sometimes perceive that the side with normal motion is the one with the defective lesion, because it is that side that is actively distorting the face into an expression. WalkerSmith et al 14 published a seminal paper on scanpaths-that is, the characteristic path that one's gaze follows when regarding another person's face. Their study found that eye movements follow a highly conserved and regular sequence to aid in both facial recognition and visual memory. 14 This path was confined to the eyes-nose-mouth area on bilateral sides of the face, resulting in the memory of 1 singular complete face. Such a conserved path of foveation will pick up a defect, no matter on which side, that delivers a singular perception of a faceeg, "normal" or "paralyzed." This study suggests that one need not accurately define the origin of asymmetry to scan over a lesion and identify that a defect exists. From low-to highgrade paralysis, accuracy in location identification similarly increased with increasing severity of paralysis. The clinical implication of this is for counseling purposes-that facial reanimation and other corrective therapies are not necessarily to repair an obvious lesion to a casual observer, but rather to improve the overall perception of a face. The findings of this study emphasize that the perception of a paralyzed face from the prospective of a casual observer is unlike that of a facial plastic expert, and lower grades of paralysis may go undetected. Importantly, it also showed that the ability to localize the paralysis does not preclude a casual observer from recognizing that a lesion exists affecting the overall face, implying that a unilateral lesion can negatively affect areas of a face unaffected by paralysis.
Limitations
This study grossly analyzes how accurate a casual observer is in locating regions of paralysis. The regions drawn with the Qualtrics survey tool were large and sometimes involved an entire hemifacial area. It would be valuable to explore the coordinates that observers clicked on more closely to see whether there is a pattern of observers identifying specific points of a face as being abnormal (ie, nasolabial fold, lagophthalmos, incomplete smile). Though Walker-Smith et al 14 has delineated the typical eye tracking movement on perception of a face, it would be helpful to quantify which part of the face is the most prominent abnormality identified by an observer. Another limitation is the use of photos in this study, rather than the incorporation of dynamic videos. This decision was made to decrease survey fatigue and time required to complete the survey; in addition, the design of the survey was to account for the fact that the perceived face of a stranger is usually in repose for more duration of time than in smile or motion. However, it should be noted that ability to detect both presence and location of paralysis would likely increase if casual observers were able to see dynamic facial motion.
Finally, the participant population was skewed toward younger individuals and the female sex.
Conclusions
The ability of casual observers to identify the presence of facial paralysis increases as paralysis severity increases and in smiling faces vs faces in repose. However, even when individuals can identify paralysis, they are not necessarily able to accurately localize the paralysis on a face. This may speak to a phenomenon in which perception of a facial defect comes from a holistic interpretation of a face, rather than a clinically accurate specification of the defect location.
